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HIGH ALTITUDE DEFORMATION FIELDS
OF THE NATURAL SYNOPTIC PERIOD

S. T. Pagava

The natural synoptic period is one of the most important discoveries of
B, P. Mul'tanovskiy, who was several years ahead of foreign scientists in deal-
ing with this problem. Starting in 1922 on the basis of his discovery, Mul'ta-
novskiy drew up forecasts for 6-7 days in advance. Since the ena of 1944, fore-
casts of the development of synoptic processes and weather for the current and
following periods (up to 18 days) have been produced in the Central Forecasting

Institute.

The netural synoptic period is a time interval in which the main tempera-
ture-pressure fields in the troposphere are meintained, thus providing a defi-’
nite orientation of pressure formations at the earth's surface and conservation
6f geographical distribution of pressure centérs in the surface alr layer throughout

o the natural synoptic region, In other words, the main heat and cold centers in
the troposphere and the main high-altitude pressure formations which are compo-
nents of deformation fields maintein a definite .geographical position during the
period. Another synoptic period begins with the “pormation of a new high-alti-
tude deformation field, which provides a different orientation of pressure forma-

tions at the earth's surface.

The importance of high-altitude deformation fields for establishing the
boundaries of the period is readily apparent from the definition. Therefore, we
must f£ind which high-altitude pressure formations are compor~nts of the deforme-
tion field. Study has shown that those high-altitude cyclones and anticyclones
which correspond to independent th'~mal centers in the tropocphere are components
of the deformation field. If a high-altitude cyclone does not correspond to a

. :cold center in the troposphere and a high-altitude anticyclone to a warm center,

#, ' 'these pressure formetions canngt be components of the deformation field determin-

2% v *ing the synoptic period. - A high-altitude deformation’ field whose components coxr-

© e réspRpd gtqrindgependen’;‘;"ﬂiéinal ‘centeys ini the troposphere is called a deformation
the ‘natlirdl synoptie periods. .
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titude cyclone always cor:esponds to an in-
dependent cold center in the troposphere, and & sufficiently developed high-al-
titude anticyclone, to a warm center. However, frequently there are high-alti-
tude cyclones and anticyclones which are insufficiently developed. For example,
there may be an independent cyclone in the trough of & high-altitude cyclone
which is peculiar with respect to the latter. Can this cyclone be considered a
component of the high-altitude deformation field of the natural synoptic period?
Tt follows fromthe definition that this peculiar higl.-altitude cyclone should
be considered a component of the deformation field if it corresponds to an in-

_ dependent cold center in the troposphere. Similarly, if an independent anticy-
clone nucleus in the wedge of a high-altitude anticyclone corresponds to an in-
dependent heat center in the troposphere, it should be corsidered a component
of the deformation field of the natural synoptic period.

A sufficiently developed high-al

The high-altitude deformation Pield of the natural synoptic period must be
determined accurately to draw up the forecast, as well as to determine the bound-
aries of the period. Prognosis of the development of synoptic processes and
weather for two contiguous periods is based upon analysis contour and isallohyps
/isallobaric gradient?/ maps of the tendency. The contour map of the tendency
is the mean map of baric topography for the first 2 days of the period. It is
constructed for the 500-uo surface in the folloving way: data on the contour map
of the tendency of the past period is substracted from data on the contour map
of the present period and these differences are entered on a blank; analysis of
this produces the isallohyps map of the tendency of the current period. As a rule,
the most valuuble conclusions in practice are obtained when a definite conclusion
can be made as to the type of shifting of the deformation field as a whole. The
isallohyps of the tendency cf the period are a function of temperature and pressure.

The isallohyps map of the tendency shows the regions in which the height of
isobaric surfaces has varied in comparison with tne tendency of the past period.
The geographical distribution of isallohyps of the period is basically conserva-
tive throughout the period. The latter is proven by the fact that the qualita-
tive correlation coefficient between the distribution of sign of the isallohyps of
the tendency of the period and the isallohyps of the corresponding period is 0.77.
This is further confirmed by the fact that isallohyps maps of each day of the pe-
.riod are similar to each other as well as to the isallohyps maps of the tendency
of the period. The isallobyps map for a given day of the natural synoptic period
i{s constructed in the following way: data on the contour map of the tendency of
the past period is substracted from data on the baric topography map of the given
day of the current period and these differences are entered on a blank; analysis
of this produces the isallohyps map for the given day-of the symoptic period.

The above is explained by the fect that directivity of the development of
atmospheric processes-is meinteined during the natural synoptic period. ' Positive
isallohyps of the tendency generally indicate predominance of advection of heat
in the region dur.ng the natural synoptic period, while negative isallohyps indi-
cate advection of cold., A region where positive .isallohyps' of the tendency coin-
cide wi.h convergence of the contours is anticyclogenetic while a region where
negative isallohyps coincide with divergence of contours is cyclogenetic. Using
these principles and patterns published in 19 " ¢ Principles of the Synop-
tic Method of Long-Range Weather Forecasting" the de-

formation field* of the new synoptic period is defined. But definition of the type
of synoptic processes for the new period by apalysis of contour and isallohyps maps
of the tendency of the current period requires that tne frontal zones on the ten-
dency mep of the period be maintained throughout the entire period.
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In the above work, it was established that the qualitative correlation
coetficient between the distribution of the sign of the pressure field on
mean 500-mb maps of the tendency of the natural synoptic periods and the cor-
responding periods is 0.83. This shows that frontal zones on the contour
map of the tendency, while basically maintained, can undergc some changes dur-
ing the period. Therefore, to determine the deformation field of the new syn-
optic veriod, it is first necessery to establish the fine changes which may

occur during the current synoptic period.

The simplest case is when the centers of the positive isallohyps of the
tendency of the period coincide with the center of high-altitude anticyclones
on the contour map of the tendency of the period, the centers of the negative
isallohyps coincide with the centers of high-altitude cyclones, and the peri-
pheries of the centers of positive and negative isallohyps coincide, respec-
tively, with the ridges and troughs of high-altitude pressure fields. In such
cases, the frontal zones on the contour map of the tendency remain practically
unchanged throughout the period and, therefore, the prognostic conclusions for
the beginning of the following period are obtained by direct use of the above-

mentioned patterns.

There are cases, however, when there is no such complete correspondence
between the distribution of contours and isallohyps of the tendency of the
veriod. These cases indicate instability of the frontal zone during the pe-
riod. In these cases, the problem of the relationship, with respect to inten-
sity, of two factors, dynamic and advective, must be solved. If the dynamic
factor is more intense than the advective, or vice versa, the frontal zone will
change during the period, while if both factors are equal, no substantial change
will occur.

To illustrate this principle, let us consider the following examples. Let
us assume that on the contour map of the tendency in the region covered by a
high~altitude anticyclone we have positive isallohyps whose centers coincide
with convergence of contours, wuile the periphery of a center of positive con-
tours lies in the region of divergence. 1In this case, the main heat advection
is directed to the region of convergence of contours and therefore the heights
of isobaric surfaces increase in the region during the period. The latter ac-
cuses weakened heat advectlon in the region of divergence of contours on the ten-
dency map of the period, as a result of which the height of iscbaric surfaces
will decrease. This decrease in the height will weaken heat advection stlll fur-
ther and intensify divergence in this region, which will leed, at the end of the
period, to replacement of heat advection by advection of cold.

Thus, in the given case, the new period begins with destruction of the
high-altitude anticylcone in the region of divergence of contours, despit€ the
presence in this region of positive isallohyps on the tendency map, and with the
formation of an anticyclone at the earth's surface in the region of convergence.

Let us assume that in a reglon covered by a high-sltitude anticyclone, we
have positive isallohyps with a center in the region of divergence of contours
on the contour map of the tendency. In this case, there will be intensive heat
advection in the region of divergence during the period, due toc which divergence
will be slightly weakened and the heights of isobaric surfaces will increase in
this region,

If, on the contour map of the tendency of the period, the center of a high-
altitude anticyclone coincides with a center of positive isallohyps, the heights
of isobaric surfaces will remain practically unchanged throughout the period in
the region of divergence of contours.
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In the three caeses considered, it is assumed that the heat center cor-
responding to a high-altitude anticyclone on the contour mep of the tendency
is not isolated on the map of relative topography of the tendency (the rela-
tive topography mep of the tendency of the natural synoptic period is the
mean relative topography map for the first 2 days of the period), but that
conditions are present so that advection of heat is maintained throughout the

period.

If the center of a high-altitude anticyclone coincides with & center of
positive isallohyp- and the heat center on the relative ‘topography map of the
tendency of the period corresponding to this anticyclone is isolated, then no
substantial changes will take place during the period in the frontal zones
connected with the high-altitude anticyclone. In this case, we have a quasi-
stationary anticyclone.

In cases where there are negative isallohyps spreading to the region of
convergence of contours in the region of a high-altitude cyclone on the ten-
dency map of the period, analysis of current material to establish changes of
frontal zones during the period is similar to analysis of the examples de-
scribed above.

If, on the tendency map of the perlod, there are negative isallohyps of
the tendency in the region of a high-altitude anticyclone and positive isall-
ohyps in the region of a high-altitude cyclone, filling of the cyclone and
destruction ¢f the enticyclone will take place during the period. This must
be taken into consideration in the analysis of the corresponding frontal
zones to determine the deformation field of the 'new natural synoptic period,

There are also relatively rare cases in which some high-altitud pres-
sure formations present in the beginning of the period subsequently change
thelr geographical position substantially., The determination of such high-
altitude pressure formations at the beginning of the period is of great im-
portance both for forecasting the development of synoptic processes in the
current period and for establishing the deformation field of a new natural
synoptic period. Isallohyps maps of the first and second day of the natural
synoptic period are used along with contour and isallohyps meps of the ten-
dency of the period to clarify moving high-altitude pressure formations. If
the contour and isallohyps maps of the second dsy are analogous bhoth to the
corresponding maps for the first day and to the tendency maps, the high-alti-
tude pressure formations will move little during the period.

But let us suppose that there is a cyclone with sharply defined diver-
gence of the contours on the contour map of the first day of the period and
substantial center of negative isallohyps coinciding with regions of diverw
gence of the contours of the above cyclone on the isallohyps map of the first
day of the period. Further, let us suppose that the values of these isallo-
hyps decrease substantially towards the center of the cyclone. and eventually
change ,to positive values. Then, suppose that on the contour mep of the sec-
ond day of the period, the cyclone center shifts toward the regicn of diver-
gence of the contours on the map for the first day., The center ‘of the nega-~
tive isallohyps on the map for the second day of the period, without weaken-
ing in intensity, has shifted with respect to its position on the map for the
first day and is now in the region of divergence of contours of the cyclone
on’ the map for the second day of “he period. This high-altitude cyclone will
shift in the direction noted in the following days of the current period.

In the given case, the high-altitude cyc one will éhift’because of the
considerable decrease in the heights of isobaric surfaces in the region of

divergence of contours, whereas the heights will remain unchanged or increase
in the region of its center. : : '
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There uwre also ceses in which a high-altitude anticyclone changes 1ts
geographical position considerably during the period. These anticyclones
are determined in the beginning of the period in the same way as the shift-
ing high-altitude cyclone just discussed.

The cases cited of analysis of the tendency of the natural synoptic pe-
riod to clarify the development of synoptic processes in the period do not
of course include all cases encountered in operational work, but these are the
most important from the prognostic standpoint.

The above makes it clear that the changes which will take place in the
frontal zonee during the current period must be established before patterns
can be used to determine the deformation field of a new natural synoptic pe-

riod.

Analysis of the tendency of the current natural synoptic period to es-
tablish the deformation field of the following period produces the most val-
uable practical conclusions when it is possible to examine the deformation
£ield as a whole on the tendency map of the period. The deformation field
of the tendency of the period is most stable when the heat and cold centers
on the relative topography map of the tendency of the period coincide, re-
spectively, with regions of anticyclones and cyclones which are components
of the deformation field on the contour map of the tendency of the period
while the centers of positive and negative isallohyps coincide respectively
with centers of these cyclones and anticyclones on the isallohyps map of the
tendency of the period. If a band of positive isallohyps pesses in the re-
gion of a hyperbolic point of the deformetion field, the new period will be-
gin vith cyclonic reorganization; if a band of negative isallohyps passes in
this region, the new period will begin with anticyclonic reorganization. In
the first case, the zones of convergence are active, but this process grad-
ually leads to intensification of zones of divergence and cyclonic reo:geniza-
tion, with which the new natural synoptic period begins; the reverse develop-
ment of processes holds in the second case.

There also might be a case in which a cyclone, or anticyclone, corresponds
on the contour map of the tendency of the period to a center of negative, or
positive, isallohyps on the isallohyps map of the tendency, but there is no
corresponding cold, or heat, center on the relative topography map of the ten-
dency of the period. The patterns previsouly discussed for construction of the
deformation field cannot be used in these cases, Neither can these patterns
be used when the cyclones and anticyclones making up the deformation field on
the contour map of the tendency correspond to centers of cold and heat on the
relative tcpography map of the period but nct all components of the deformation
field correspond to centers of isallohyps of the tendency.

We should also keep in mind that reorganization of processes does not al-
ways occur simultaneously in all levels of the troposphere. There are compara-
tively rare cases when the natural synoptic period, according to surface data,
begins approximately 24 hours earlier than on the 500-mb surface, and vice versa.

This paper on the analysis of some cases of height deformation fields of
the natural synoptic period is a supplement to the conclusions vhich were obtained
in the work previously mentioned.
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